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Abstract
Many constraints (environmental, organismic, and task) act on all patterns of
motor coordination, although their effects on swimming is less well understood.
To this end, we carried out the current study with fifty-six participants, ages
ranging from six to twelve years. The experimental tasks were created from the
original task in which changes in task speed and environmental context were
manipulated. Four aspects in the results were notable: a) a main trend was one
of performance with the same developmental status among the tasks; b) when
behaviour changed, this occurred due to environmental constraints, leading to
more rudimentary patterns of locomotion; c) the developmental status presented
initially was associated with greater adaptative capacity in the task combining
change in direction and speed; in this case participants with more advanced
developmental status presented changes in sequencing as well as parameters;
and d) when only speed was increased, changes were restricted to the
parameters.
Keywords: swimming, constraints, person-task constraints, personenvironmental constraints, aquatic developmental sequences, task,
environment
Locomotion is essential for any organism to explore its environmental
niche and to find the resources necessary for its maintenance and reproduction.
Apart from this biological meaning, motor activity is of great evolutionary
interest; from it, one can mark important transitions in the history of the human
species (Leakey & Lewin, 1981). Therefore, it is not by chance that mobility
has been the subject of many studies on different themes. For example, the fields
of biomechanics, motor control, and motor development all have explored a
wide range of locomotor topics. In the latter, the fascination that mobility holds
for researchers translates into studies on the emergence and acquisition of
bipedal gait patterns during early childhood (McGraw, 1935; 1939; 1945;
Zelazo, et al,.1972; Zelazo, 1982; Thelen, 1986; Bril & Brenière, 1993; Adolph
et al.; 1997; Adolph et al., 2003). In all these studies “locomotion” always
referred to movement across a terrestrial surface. The development of aquatic
locomotion has received less attention from motor development researchers.
Two classic works mention swimming behavior, both performed in the
first half of the 20th century. The first account comes from an experiment
conducted by Watson (1919) who evaluated babies in the liquid medium to
verify the existence of an innate component for adaptation and mobility.
Watson, it is worth remembering, was a pioneer in behaviorism and at that time
was interested in identifying which behaviors were innate and which were the
subject of environmental conditioning. In his experience, Watson reported that
the babies showed aversive behavior to water without any organized or
standardized response that denoted an inborn pattern. Watson concluded that
swimming was a learned skill and therefore only able to be acquired through
experience such as a result of teaching.
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The second classic study came as a counterpoint to Watson’s study.
Myrtle McGraw (1935; 1939; 1945), the researcher then known for
investigating the development/maturation of babies, studied their behavior in
the liquid (water) medium. McGraw (1939) conducted a series of studies in
animals and babies, placing them in the liquid medium and, unlike Watson,
found well-organized swimming behavior in animals (small mammals such as
mice, non-human primates) and human babies of various ages. McGraw (1939)
observed responses in babies with ages ranging from weeks after parturition to
more than one year of age. From a cross-sectional study, McGraw (1939)
suggested that there was a developmental sequence for swimming with three
steps: I. Phase reflexive swimming, from birth until the fourth month of age,
which would be characterized by characteristic displacement movements in the
liquid medium made by flexion and extension of the limbs in the sagittal plane,
with symmetrical movements of arms and legs accompanied by respiratory
control. The baby could move in the liquid medium for two to four meters; II.
Phase of disorganized movements, after the fourth month until the end of the
first year and characterized by gradual loss of the motor coordination shown in
the previous stage, with the result that the baby no longer moved by these
means; and III. Phase of voluntary swimming, after the first year of life,
characterized by the gradual acquisition of displacement behavior in water with
asymmetrical movement of the arms and legs being highly dependent on
external support. McGraw suggested that this sequence was managed through
changes in different levels of the central nervous system motor control in the
period from one year after birth.
Why were such different results found between Watson and McGraw?
The difference was due to what has been called, after the model by Newell
(1986), constraints of the task. Watson introduced the babies into water in the
supine position, while McGraw introduced the babies in the prone position. In
a more recent study, Newell & van Emmerik (1990) suggested that the wellknown motor development sequences, for example, the erect posture, (Shirley,
1933) and manual prehension (Halverson, 1931) could be explained by
manipulating task and environmental constraints, which, together with
organismic constraints, played a decisive role in the motor response in setting
standards. It is worth remembering that the studies that identified these
sequences were carried out with biological maturation as the main explanation
for the process.
Despite the theoretical and practical implications of McGraw’s findings
(cf. Xavier Filho, 2006; Xavier Filho & Manoel, 2002), research on aquatic
locomotion in the ventral position and its development only reappeared at the
end of the 1970s. Erbaugh (1978) studied the aquatic development of children
of preschool age and developed a checklist of motor tasks that the child should
pass through. In later studies, Erbaugh (1978; 1980; 1986) identified significant
differences in the swimming behavior of children of different ages. These
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changes in behavior were correlated with age although it was possible to see
individual differences in observed behavior based on the experience of the
subjects.
Reid & Bruya (1984) described the process of entering the water by
children and the relationship with the level of aquatic development. The concern
of these authors was to characterize the way in which children entered the water,
their patterns of progression and movement as well as the starting level of body
immersion. Based on their final results, the initial immersion phase of feet first
entry into the water was made assisted by the teacher or with the use of
appliances (ladders). The jumps and voluntary head-first entrances appeared
later when the child displayed a greater dominance of the aquatic environment.
This study also indicated that younger children of the sample felt more
comfortable for entry after parts of their bodies were immersed in water. The
relationship between age and developmental levels was relatively weak.
Two other studies carried out in the 1980s described the aquatic
locomotion of babies. In the study by Wielki & Houben (1983) 40 children were
observed over a period of four years. The changes described occurred in the
movement patterns of the leg kick. The authors described seven ordered patterns
of kicking action; the four of them presented between the 3rd and the 10th
month were considered reflexive. These patterns have great similarity with
those that McGraw (1939) described in the reflexive phase of leg movements;
such movements were described as jerky, repetitive, and stereotyped. The other
three patterns of action described in the study were cyclic and voluntary
alternating movement of the lower limbs characterized by flexion of the legs at
the knees, usually performed alternately. They appeared between the 11th and
20th months of age, and the propulsion occurred with the children in the prone
position. According to the authors, the most efficient pattern was described as a
“pedaling” pattern.
Oka et al. (1984) identified regular changes in muscle organization and
age-related patterns of grasping action. This made it possible for researchers to
identify that the action of the legs that went beyond the “pedaling” used by 30month-olds, for a mature gripping pattern used predominantly by children at 72
months.

Langendorfer & Bruya (1995) proposed a developmental assessment
instrument, called the Aquatic Readiness Assessment (ARA), for evaluating the
development of aquatic locomotion, summarizing the studies on this issue since
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the 1930s. These authors analyzed nine components identified as developmental
sequences that illustrated how stroke action, kick action, and breathing control
changed over time.
Finally, Freudenheim, et al. (1996) presented a new way to analyze the
development of swimming, demonstrating that there was a close relationship
between the hierarchical organization of the task and the phases of motor
development (i.e., fundamental movements, combination of fundamental
movements, and culturally determined movements which are the origins of
advanced strokes such as crawl, backstroke, breaststroke, and classic
butterfly/dolphin kicking). Emphasis was given to the acquisition of actions
related to the stability of the body in the liquid medium. In the model of these
authors, gaining stability is essential for building the actions of stroke and kick.
It is interesting to note that in 1939, McGraw had drawn attention to the
importance of the orientation of the body in the water in anticipation that body
stability was a limiting factor in aquatic locomotion (Manoel, 1995).
A common feature of all the studies reviewed here is that the authors did
not consider the possible effects of task constraints and the environment on the
configuration of aquatic locomotion patterns and developmental sequences
indicated. Considering Newell (1986), Newell & van Emmerik (1990),
Langendorfer (2010, 2011, 2015), and Costa et al., (2012), it is necessary to
assess whether the swimming behavior patterns acquired after the second year
of life, as suggested by McGraw (1935 and 1939), are sensitive to changes to
the constraints of the task and the environment.
Based on the study of Herkowitz (1978) on general and specific analysis
of the task, the following variables were considered: displacement speed,
distance to travel, and direction of travel to analyze the swimming behavior of
children. From this analysis, four experimental conditions were defined:
Condition 1, swim eight meters straight at a normal, comfortable self-chosen,
preferred speed; Condition 2, swim eight meters going around obstacles;
Condition 3, swim eight meters in a straight line at full speed; and, finally,
Condition 4, swim eight meters swimming around obstacles at full speed.
Thus, the present study aimed to investigate whether the developmental
patterns of prone aquatic locomotion may be subject to constraints of the task
(i.e., speed) and the environment (i.e., obstacles). To guide the conduct of the
study using the c of the Newell (1986) and Newell & van Emmerik (1990)
models, the following study questions were elaborated:
First, with the increase in the degree of difficulty of the tasks from
Condition 1 to conditions 2, 3, and 4, would the aquatic movement patterns used
by individuals tend to regress to more primitive developmental coordination
patterns? From the approach of dynamical systems which referred to the notion
of constraints, Newell (1986) called for changes in constraints that may lead to
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the emergence of more advanced standards. This implied that the order, from
the simplest to the more complex tasks, did not necessarily imply regressions in
behavior.
Second, does the developmental movement status of the swimmer (as
identified from Condition 1) alter the degree to which the swimmer modifies
the patterns of the task constraints? As mentioned above, changes in the
constraints of the task and the environment can lead to the emergence of
different patterns. One must consider the intrinsic dynamics of the system
(Zanone et al., 1993) as described by the current state of development. Changes
in movement patterns would result from changes in convergence constraints of
the task along with the development of the individual state.
Finally, what kinds of adjustments are made by each group in each
condition, based upon movement patterns expressed in Condition 1? Changes
in the task constraints could cause varied behavioral adjustments. Manoel &
Oliveira (2000) and Xavier Filho (2001) suggested that these adjustments could
be grouped into two classes: (a) changes in the sequence of actions that change
the displayed level of development and, consequently, the action programs and
(b) changes in action parameters such as speed and movement time, which can
occur without any change in the level of development or action program; These
are therefore considered as parametric adjustments. In this article, we aim to
analyze the changes in levels of development and our analysis was therefore
qualitative.
Method
Participants
Fifty-six children, twenty-seven girls and twenty-nine boys, aged between six
and twelve years, took part in the study. All individuals had attended at least six
months of formal programs in swimming schools in the city of Londrina and
Apucarana in the northern State of Paraná in Brazil. The selection of the sample
was performed for convenience and participation was conditional on the signing
of informed consent obtained from those adult caregivers responsible for the
children. The research protocol was approved by the Ethics Committee of the
Regional University Hospital State University of Londrina.
Materials and Procedures
This is an exploratory study with a quasi-experimental design in which the task
conditions (i.e., swimming at a self-determined comfortable pace, swimming at
fast speed, and swimming the route with and without obstacles) were
constructed to promote variations in the aquatic locomotor patterns of children
in the aquatic environment (Thomas and Nelson, 2002). Because all swimmers
performed each condition, the study design could be described as withinsubjects or repeated measures and was reflected in the statistical analysis.
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Each participant was instructed individually on the experimental
conditions, and all were able to perform each of the tasks. After making sure
that the task was understood, marks were made on the wrists of each participant
to facilitate observation during the analysis of the movements in the video. Next,
the experimenters asked each swimmer to initiate the attempt; five trials were
performed for each condition. The execution time of each attempt was timed; in
the C3 condition, the individual was informed of the time to motivate them to
swim at maximum speed.
The five attempts of each swimmer within each condition were filmed
by two high-definition Panasonic cameras (scope S-VHS Movie Model AG-456
VP with 33-35mm/s record speed). One camera was installed above the water
level while the other was placed below the water level to allow viewing of the
underwater movement patterns. The total run time was recorded and noted in
individual records. Subsequently, the collected images were analyzed frame by
frame through the playback equipment (Panasonic VCR Receiver Model AG1980-P) with the playback speed of 33-35mm/s, 30 frames per second.
Rater Objectivity
The categorization of the developmental level of aquatic locomotion was carried
out by three Physical Educators. They were specialists in swimming with over
10 years of experience in swimming schools. The checking protocol proposed
by Langendorfer & Bruya (1995) was used and the agreement among raters was
higher than 90% while ‘the intra-rater consistency was 95%. The percentage of
exact agreement (P) refers to the proportion of all assessments made by the three
raters that were coincident. This procedure has been used in numerous studies
and has been accepted as reliable if intra-observer and inter-observer
agreements were 80% or better (Basso, et al, 2005; Roberton, 2013).
Statistical Analysis
For qualitative measures, the aim was to identify significant differences among
aquatic developmental levels in the water by swimmers in the experimental
conditions. For this purpose, we used the non-parametric Friedman test for
repeated measures. Monitoring the location of differences was performed with
the non-parametric Wilcoxon test for paired measures. The data were tabulated
and analyzed using the statistical package SPSS for Windows version 17.0.
Results
All subjects were able to perform the aquatic locomotor task in the four
conditions which meant that there were no participants classified in Level 1 of
the Langendorfer & Bruya model (1995). An initial analysis of the behavior of
the participants found a wide diversity in aquatic locomotor patterns of
participants in Condition 1 associated with the most basic developmental levels
because it presented the least difficulty. Thus, we expanded the basic categories
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of the Langendorfer and Bruya model with the inclusion of two new categories
as specified in Table 1.
Table 1
Original and modified Aquatic Readiness Assessment developmental levels for
Combined Movement
Aquatic Development Levels for Combined Aquatic Movement
Langendorfer & Bruya (1995 p. 50- Xavier Filho (2001 pg. 35-37).
53
N1 No locomotor behavior
N1 No locomotor behavior
N2 Dog paddle
N2 Dog paddle
N3 Beginner (early human stroke)
N3 Initial leg arm coordination
N4 Rudimentary crawl or other stroke N4 Beginner (early human stroke)
N5 Advanced crawl / stroke
N5 Rudimentary crawl or other
stroke
N6 Intermediate crawl / stroke
N7 Advanced crawl / stroke
In Table 2 we present a review of the development levels of aquatic
locomotion.
Table 2
Modified Aquatic Readiness Assessment levels combined movement
Modified Aquatic Developmental Levels Combined Movement (Xavier
Filho, 2001)
Aquatic
Descriptive Characteristics
Developmental
Levels
N1
Child is unable to locomote independently in water
No locomotor
behavior
N2
Front stroke characterized by plantar push or rudimentary
Dog paddle
flutter kick, circle downward arms (underwater
recovery), and vertical or inclined body position
N3
Standard “Initial Coordination”:
Frontal
style
Initial leg arm characterized by alternating upper limb movements with
coordination propulsive action ranging from short and fast pulls to long
pulls; in both there is an arm stop in front of the body. The
breathing pattern ranges from simple breath control, with
inspiration stop, to the unsupported front breathing
pattern. Leg action may be between the “flutter” kick and
the rudimentary crawl pattern. The position of the body in
relation to the water level depends on the action of the leg,
but the most frequent pattern is the inclined one.
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N4
Beginner
(early human
stroke)

N5
Rudimentary
crawl or other
stroke
N6
Intermediate
crawl / stroke

N7 Advanced
crawl / stroke

“Human” Pattern Initial: Frontal style characterized by
alternating movements of lower limbs with slight natural
knee flexion. The action of the arms is done in rectilinear
patterns with recovery out of the water; Breathing can be
performed with the head turning to both sides, with
inspiration occurring on one side and exhalation occurring
on the other. On the body position it is slightly inclined in
relation to the water. The action of the leg varies from the
flickering movement to the action of the rudimentary
crawl leg
Front stroke characterized by rudimentary alternating
arms with out-of-water recovery with flutter kicking.
Breathing patterns may vary
Intermediate Crawl Pattern: Frontal style characterized by
the continuous action of arms with continuous kick
without knee flexion, with varied and shifting pattern of
breathing, with head high in relation to body position,
which makes the swimming position is slightly inclined to
the surface of the water. Another feature of the pattern is
the discontinuous action of the arms stopping in front of
the body to facilitate breathing
Front stroke with defined arm, leg, and breathing patterns,
usually with level or horizontal body position

Regarding the level of development to verify relationships with age, the
participants with a more advanced state of aquatic development were those with
a higher mean age (Table 3). The same relationship was also present in the
amount of experience in swimming programs. In general, the higher the average
experience, the more advanced the level of development.
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Table 3
Number of participants
experience
Level
of
development
N2
N3
N4
N5
N6
N7

by level of development with average age and
N

Age (Years/months)

3
9
11
7
13
13

7,3
7,7
7,7
7,3
7,8
8,8

Experience
(months)
12
10
12,5
17
17
22.5

To analyze the continuities and changes in levels of development
between the conditions, a series of Friedman non-parametric simple analyses of
variance were performed demonstrating statistically significant differences
between the levels of development in the water and the experimental conditions
(X2 = 48.048 p < 0.000). The Wilcoxon test detected that the location of these
differences occurred between conditions C1 to C2 (Z = -3,989 p <0.001), C1 to
C3 (Z = -2.288 p <0.02), and C1 to C4 (Z = -3.236 p <0.001).
In the transition from C1 to C2, there was permanence of all participants
at Level 2. Although there were some changes in participants from other levels,
the only significant alteration was by participants categorized as Level 7; in this
case, 50% of the participants moved to a more rudimentary level (Table 3). As
the trend of change was, in most cases, descending, one can conclude that the
need to overcome obstacles created a condition with a higher degree of
difficulty (Table 4).
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Table 4
Changes in aquatic development level from C1 to C2 (%).
C1- Remain
Change
Progressive
Regressive change
C2
change
N2
100,00
N3
44,44
55,56
20,00
35,56
N4
70,00
30,00
30,00
N5
62,50
37,50
37,50
N6
69,23
30,77
30,77
N7*
50,00
50,00
50,00
* significant p <0.02

In the C3 condition, the task requirement (constraint) of travel speed was
increased to a maximum level. To respond to this demand, the majority of
participants changed developmental level. The direction of change was
generally to a more advanced level (Table 5). The Friedman simple analysis of
variance indicated significant differences between the levels (X2 = 13.694 p
<0.02). The non-parametric Wilcoxon test identified the location of these
differences at level 3 (Z = - 2.121 p <0.03).
Table 5
Changes in aquatic developmental levels from C1 to C3 (%).
C1- Remain
Change
Progressive
Regressive change
C3
change
N2
33,33
66,67
66,67
N3*
44,44
55,56
55,56
N4
80,00
20,00
20,00
N5
50,00
50,00
25,00
25,00
N6
76,92
23,08
4,33
18,74
N7
100,00
* significant p <0.03

The transition from C1 to C4 can be considered to have added the
greatest difficulties for all participants. In fact, among those who changed their
developmental level, approximately 35.8% presented a more rudimentary
pattern (Table 6). Friedman's simple analysis of variance detected significant
differences (X2 = 50.672, p <0.0001); the location of these changes occurred at
N7, where the non-parametric test for unpaired measures Wilcoxon showed
significant differences (Z = -2.449, p <0.01). In fact, the test results indicated
that remaining at the same level across conditions was significantly different for
those swimmers using N7.
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Table 6
Changes in aquatic developmental level from C1 to C4 (%).
Progressive
C1Remain
Change
Regressive change
change
C4
N2
100,00
N3
33,33
66,67
33,34
33,33
N4
80,00
20,00
20,00
N5
50,00
50,00
50,00
N6
76,92
23,08
23,08
N7 *
100,00
* significant p <0.01

Discussion
Referring to the first question of the study, we found that changes in
actions did not occur linearly. The need to vary the direction of travel (Condition
2 – a person-environment constraint) led to regressions to more rudimentary
developmental levels. The demand for faster displacement speed (Condition 3
– a person-task constraint) led to progressing to higher developmental levels
(i.e., the participants presented more advanced patterns of behavior). Speed is
known as a control parameter (and person-task constraint) for terrestrial
locomotion patterns. For example, the demand for increased speed leads to
important transitions in the coordination of human and animal locomotion
patterns (Kelso, 1984; Shapiro et al., 1981; Thelen & Ulrich, 1991). The fact
that we observed a tendency to shift developmental level in this study allowed
us to affirm that speed acts as a control parameter in the coordination of
swimming behavior similar to how it acts in terrestrial locomotion.
Corroborating the results of this study were data on the organization of
the crawl stroke swimmers with different skill levels obtained in studies such as
those conducted by Lerda and Cardelli (2003), Potdevin et al. (2006) and Seifert
et al. (2007) which supported the statements presented herein, reporting that
there was a close relationship between skill level and level of coordination of
the stroke action, and that with increased swimming speed there was a change
in the patterns of stroke coordination.
The implications of these results were both theoretical and practical.
From a theoretical point of view, it would be interesting to study individuals
with water displacement patterns seen as rudimentary and create tasks with
different speeds to observe the extent to which this experience can contribute to
progressive or regressive developmental changes. The practical implications
follow the same line. Experimentation with different speeds might help the
learner to discover more efficient and effective displacement patterns.
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This discovery was used in the sense given by some authors who
considered practice as creating a space for exploration and selection of action
patterns (Turvey, 1977; Saltzman, 1979; Newell, 1986; Barela, 2006; Adolph
& Berger 2006; Langendorfer 2011).
Variations in the displacement direction as a result of obstacles (i.e.,
person-task-environment constraint) had the effect of regressing to less
advanced patterns. The search for these patterns can mean selecting a mode of
action more stable in the face of the challenges posed by environmental
conditions. It is also possible that the participants sought a more appropriate
pattern for changing direction to avoid obstacles. This would involve changing
the position of the head and therefore the position of the body by placing it in a
more vertical position to facilitate the display of obstacles. These changes
usually involved patterns classified as more rudimentary. In studies conducted
by Langendorfer (1987a, 1987b, 1990) and Manoel & Oliveira (2000), this
regressive change toward more primitive patterns was observed with the focus
on the target compared to the focus on the distance or speed. In these studies,
the authors concluded that individuals sought a more suitable pattern for the
task, which coincided with a more rudimentary level along the developmental
continuum. Additional studies including manipulating similar constraints are
required to clarify the decision on which of the alternatives is chosen.
It should be noted that changes in the action sequence did not occur in
every condition, and the N2 and N7 levels tended to present more non-changing
behavior, which leads to the discussion of the second question. The individual's
state of development is not totally malleable to changes in the constraints of the
task or the environment. Manoel & Connolly (1997; 1998) showed that
handgrip patterns in a manipulative task depended not only on variations in
person-task constraints but also on the action sequencing requirements. It
required that we understand that the action program established from child
intention also acted as a constraint. In this study, the participants in the N2 and
N7 groups did not always change their patterns of action. Two explanations can
be given for this. The first refers to the characteristics of the adopted category
system in both cases where there was no possibility of moving to lower levels
than N2 (considering that the N1 implied non-action) and more advanced levels
than N7. The other explanation refers to the underlying organizational state at
every level. In the case of N2, individuals have few possibilities for variation in
patterns, so challenges resulted in within-coordination pattern variations,
denoting the degree of stability of this state of development. The same applied
to individuals at N7 except that at N7 only regression was possible instead of
progression.
The C4 condition constrained the action pattern of all participants the
most, as shown by the percentage of regressive changes toward more
rudimentary developmental levels; nevertheless, the N7 individuals remained at
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the same level. This may have indicated that the most advanced stages of
development were characterized by greater internal variability to the action
program, allowing the individual to adjust to the growing demands of the task
and the environment in which it occurs (Manoel & Connolly, 1995). It is
possible intermediate levels change more often to transitional stages, with the
possibility of exploring new ways of sequencing the action or returning to more
stable modes of action that characterize more rudimentary patterns.
Finally, it was necessary to consider the third study question on the
nature of the adjustments made by the participants. The analysis in this research
was qualitative and thus more attention was given to developmental levels
presented in each condition. The C2 and C3 conditions were marked by
qualitative changes in the developmental levels of the sequence for the majority
of participants in all groups. In condition C4, this was for the groups N3, N4,
N5, and N6, but not N2 or N7. During this condition, these two groups may
have made parametric adjustments instead of coordinative pattern changes. As
recommended by Newell (1986) and Langendorfer (2011), changes in the
constraints of the task and the environment did lead to qualitative changes with
the transition from one pattern of action to another.
Study Limitations
The results should be considered with caution, since in some situations it was
not possible to identify the location of the statistically significant changes. It
would be interesting to replicate this study, expanding the sample in each group
corresponding to the levels of development. This recommendation is necessary
to decrease the likelihood that the absence of statistically significant results was
due to the small sample size.
In addition, it would be interesting to outline longitudinal studies in
which changes in the constraints of the task and the environment are made
systematically to verify their potential developmental effect. Along the same
lines, power analysis could be carried out to investigate whether the degree of
experience in the aquatic environment is an important factor in the process.
Conclusion
This study aimed to evaluate the conditions under which swimming behavior
patterns assessed developmentally and qualitatively became susceptible to
variations in the task and the environment. The notion that person-task and
person-environmental constraints functioned as non-specific agents to engender
changes between developmental swimming behavior patterns, which
traditionally have been regarded as resulting from maturational development,
were used as theoretical support for the impact of the constraints.
The results indicated that the developmental sequence assessment model
proposed by Langendorfer & Bruya (1995) was susceptible to changes due to
person-task and person-environment constraints. We observed that the handling
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constraints of the task (i.e., demand for increasing travel speed) generally
resulted in progressive change in developmental level in many participants.
Another constraint, the person-environment constraint of providing obstacles to
travel around led to the regression in patterns at more rudimentary levels of
development (Xavier Filho, 2001).
Finally, it should be noted that the ability to swim offers unexplored
territory for research on the complexity of motor actions and their
developmental process. Manipulating constraints can trigger changes in the way
the elements interact in a given motor action system, which may cause a new
coordinative pattern in that system. Swimming represents one of these systems
since it features coordinating patterns that involve a high degree of organization
among its elements (i.e., arm stroke, leg kick, and breath control). To be
performed in the aquatic environment, the task requires different postural
orientation than on land since the head needs to move to maintain an adequate
oxygen supply. If postural orientation is already an important aspect for
locomotion and manipulation skills, in swimming behavior it takes on major
proportions because the person in that environment is experiencing completely
new orientation relationships. McGraw (1939) gave prominence to this aspect.
This author was pioneering in providing glimpses of the potential that the study
of swimming offers from both theoretical and practical points of view. Until
now, subsequent work has only humbly followed the way she pointed us over
eighty years ago.
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